N94- 30632 


=<?<?■? ‘?3<? 

A *7 

* w 


Report: Cryosphere and CCimate 

W.D. Hibler, in, andA.S. Thorndike 
This chapter will discuss two main issues related in th* 
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into sea ice pressure 

Ice does is neglected. and ® 11 h * * „ determined by a balance 

The mean ice thickness of y thg remova i 0 f ice from a 

between the ice growth over e of this mode i is that we 

region by ice ^ Bagin ag belng a sourc e of a 

can view a reg on sue behind in the Arctic Basin as 

river of ice. This river once f h wa ter at its terminus 

It freezes at its source, and de livers fresh walte^ ^ ^ ^ 

somewhere in the Greenland or can aid in the outward 

Similarly, in the , of lce - s belng formed near the 

SSS being transported outward to where I. me.ts (see. e.g.. 
Hibler and Ackley, 1983). 

_ f t i. e Arctic Ocean on the North Atlantic 

Ill A caricature of the Arct* Ocean (as 

it is an estuary receiving fresh water in ^ me ocean 

large basin draining into it , ^ ^^ t er from the West Spitsbergen 
itself. It receives warm, salty A Greenland Current. 

Current. Also, it fonn a thermocline 

The fresh water mixes with y sur f ace of the ocean is 

capped by low-salinity sur ate wa^ radiation balance in 

frozen, as a consequen and me lting maintains a 

the winter. The annual cycle of trying andmelt ^ ^ ^ 

buoyant mixed “Lelds the ocean from sunlight, 

the deeper ocean. In summ , Arctic Basin is a major 

Because the Ice 'tanspor ^ , t may p , ay a role In 

source of fresh water to tn jVlprrrinha ii n e circulation conveyer 

shutting off or maintaining a outward 

belt mechanism. The basic where ,t 

motion of ice from the Arche : Basm Into ^ md hence 

melts, causes a stable strabllcaMn B the Greeny conveyer 

a sealing off of the ocean and I po ^ „ ls , nt er- 

belt. Whether the conveyer belt mns stra ^ ^ nQtably the 

mittently controlled by ™°re . ,.. antic and Greenland Sea is still 
various salt sources) in the , and subpolar portions of 

unclear, .n the .after h = s. ^"’on the conveyer 
the Atlantic are believed to exert 8 a closer i 00 k at pre- 

Sta" "get. “an/tL ocean circulahon-stmtldeation 

problem for the Arctic and sub-Arcticregone. of co i d . 

the North Atlantic, tl^ArcUc ^ ^ „ frozen 

low-salinity surface water. The la 
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may be of secondary importance. Having a large source of ™ih 
, b "ct Ce „ a r m Sln ^° ' h H e b0tt ° m ' F ° r convection to*oocur! 

change with a changing climate. About half of the Ice in the Greer, 
tad Sea is formed locally in the winter and melts dudng ,L SU m^ 

the.ce ™ ** 

bul TTT" Seas iS n0t known - fluctuations thaTcauseThe 
off th^ctmvectioi^with T** T the eMt ""S’ 11 reduc<! ° r 

■me circulation onh^ wo«“ g ,mP ' ,Cat, ° nS f<>r *' 

An important issue is whether the conditions that regulate the 
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ice edge, we should expect the deep ocean to be renewed wnh 
wanner water as the climate warms. renewed with 

In mXscenXo' a w T"f * ° f a ^"^cal-cycle oscillation. 

BasinXX^le^dVYXgTeaTeTTcrext^'Thm f°? ^ 

decrease the precipitation Thls turn ml « ht 

The following work is needed: 
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. Improve our knowledge of the freshwater balance for the Arctic 

Ocean , .. 

. Monitor temperature, salinity. Ice thickness, and lee velocity 

across the Fram Strait 

Role of the Cryosphere in High-Latitude 
Warming under Increased CU2 

In this section, our focus iS ^tfthl hig^lati^de dima^ to 
extent, land snow) In the respons ‘ isms we yqp discuss are the 

fe^ba^^betw^^c^eid^^and gtabal^bedo redu^don'of ice extent 

,c — ' 
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extensive summer cloud cover at high 'ahtude^ ^ sunUgM ^ 

"iS SSTST It cannot make much difference to 

the earth as a whole if sunlight is Accessible to 

Tbe from the 15-year satel- 

observations. The ice exten the mic rowave contrast 

lite passive microwave record bTOause micr0 wa V e contribu- 

between lee and ^water Is muc gre determln ed from data collected 
tion from clouds. The aiDeao c otpriti cotellite A poor 

by the Earth 

correlation between high j ess fixed despite vari- 

enough. The ice albedo e Pe equilibrium thickness of the 

— - sur ' 
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substantla,,y ,mprove » 

, Tlle '?’ 0rk | ntS B ™ up fel < that there are two additional reasons whv 
t,„„ oflT n b , ed ° effect cann0t •* discounted in any consul 
tion 1 vi UrC lgh ' latltude atmospheric wanning. First observa- 

ZtTaaTTf l :V he T C and Anlarctk shows mat 
modification of the surface albedo has major consequences for the 

rX' r t„ a me' 0n V lllUS ' ‘ he an,OUn ' ° f shortwave Liation pene 

theoack ln e ? , CertaM y signiDcant. Second, clouds over 

we'l acfai a H ^ mer T ‘° be VeIy '° W and fo « llk ' 30 U»t they may 

r If f USeT Father than a Carrler of radiation, 
igh-latitude clouds are also important because of their impact 
on the surface energy balance. During summer, they reducTthe 
short radiation reaching the ice or sea surface ^ ughout Se 
y ar, they increase the downward longwave radiation In existing 
model treatments of sea ice, the radiatkm balance is prescribed if 

s m uriafrco b Lh,o a n PrOPri f 0,116 t0 C ° Upli " g betWeen the '** 

a]h . a fK ’ SUCh as tem P era ture, ice concentration and 

radiador^Sueh TfT cond ‘t‘cns that determine the incoming 
radmtlon^ Such a treatment would need to account for clouds 

... **f ssues highlight the current lack of a hlgh-latitude cloud 

IT W °* ^ thC t n t e matlonal Satellite Cloud cLltol 

gy roject may lead to some Improvement, but the difficulty in dis 
tinguishing ice from cloud has ruled out interpreting he It" 
algorithms that work well at lower latitudes. Effective high laUtudf 
gon ms are sorely needed. Some progress has been reported 
using texture in AVHRR data to discriminate ice from cloud. 

Sea Ice in the Arctic and Antarctic 

Although the sea ice physics may be the same for the Arctic and 
Antarctic, there are considerable differences in the physical mecha 

Henris C h oll ,‘ ng the sea lce “lent In the Northern and Southern 
Hemispheres. In particular, in the Northern Hemisphere the north 

ward transport of heat In the ocean plays a key role inT locadon 
of the ice edge (Hibler and Bryan. 19871, and in fact recent inter™ 
nunl coupled Ice-ocean simulations suggest that variations in the 
£L" T” may b ! afrected <v Ganges in icean c.teutatten 

^N^^Th" T 8 ' U ’ e re ' a “ Vely lar « e la " d maas 'n 

me northern Hemisphere (except in the Arctic Ocean) suggests that 
albedo feedback effects may not be as pronounced untufTT 

thfreT i° f the J° e ° CCUr n0rth of 70 “ tautude. In the Antarctic 
there is only weak vertical stratification, and hence convective oven 
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Sr^XrS ”ce dynamics, which ™s radia 
"ToVih^ rtarc t rw'tol«^ct the ice-albedo feedback^ 

k^SS2*S^^ 

estfmate the effects of albedo feedback on enhanced h.gh-latltude 
Wa Sh g regmd' m the geographical constraints ^^sea^ the 

=““SS^ 

ice due to the high heat capacity of the land. 

T 7n™d”ing f toth the Arctic and the Antarctic, the timing of the 
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S ", l”ad^o 'positive feedback effects whereby 

rS si 

l7bTels sef7o i heat exchange under an atmospheric warming. 

m'uTTr'wlhciTvrtlimci^se the'dotrowajal^lor^vave'ratoUo^FOr 

a smaller warming, ocean circulation effects may constrain many 
the feedback effects in the Arctic ice margin. 

Needed Observations 

A variety of observations could be made over the next several 
a *177 detect CO, warming or verify some of the above theories. 
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In the Arctic, because of the critical control of the ocean on the ice 
margin, it may not be possible to deduce much from ice edge varia- 
tions. However, it may be possible to get some indication of atmos- 
pheric warming from monitoring the ice thickness in the Arctic 
Basin. In this regard one of the most promising measurements 
would be moored, upward -looking sonar buoys at several locations 
In the basin (and possibly In the Fram Strait) that would supply a 
long time series of measurements of the thickness distribution of 
the sea ice. Regular oceanic measurements of temperature and 
salinity in the Greenland and Norwegian seas as well as oceanic 
transport characteristics through the Fram Strait would be most 
valuable with regard to the salt budget in the ocean. 

In the case of the Antarctic ice cover it may be that ice extent 
variations obtained from passive microwave satellite observations 
can give us some insight into long-term atmospheric warming or 
cooling in the Southern Hemisphere. 

The following work is needed: 

• Develop cloud climatologies for the Arctic and Antarctic 

• Correlate ice extent and planetary albedo 

• Develop a toy model linking ice surface and clouds 

• Study high latitude behavior in current GCMs 

• Improve the observational base for surface radiation balance. 
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